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TO ALL WHOM IT MAY CONCERN: 

Be it known that we, Robert Colin Gedge, a citizen of the United 
Kingdom, residing at 43 Pilsdon Drive, Canford Heath, Poole, Dorset B17 9EJ 
United Kingdom, and Andrew Bramwell, a citizen of the United Kingdom, 
residing at 5 Ashlands Meadow, Broadschard, Crewkerne, Somerset Ta 18 
TNN United Kingdom, have invented a new and useful HYDRAULIC SYSTEM 
FOR AIRCRAFT LANDING GEAR, of which the following is a specification. 
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Title: Hydraulic Sy stem for Aircraft Landing Gear 
Description of Invention 

This invention^^lates to a hydraulic system for raising and lowering an 
aircraft landing gear. The invention is more particularly but not exclusively 
useful for a kind of aircraft landing gear known as a side brace, where the 
anding gear is movable between a generally vertical condition for landing, and 
a generally horizontal conditio^ for stowage e.g. within a wing of the aircraft. 

A particulaiTeature of such side brace landing gears is that landing loads 
act through an actuator which is provided to raise and lower the landing gear. 
Accordingly such actuators have to be more substantial than would be required 
simply for raising and lowering the landing gear. Typically such actuators are 
piston and cylinder arrangements, and the piston diameter is made larger than is 
necessary just ^^^q^^^ lowering the landing gear. 

^s'^^rwlilt, thl^ctuator demands a large volume of hydraulic fluid for 
operation. Particularly during landing, when it is desired to lower the landing 
gear, other aircraft services will be demanding hydraulic fluid, for example flap 
lowering actuators may require fluid, which can place high demands on the 
hydraulic pump(s) supplying pressurised hydraulic fluid to the various services. 

According to on^aspect of the invention we provide a hydraulic system 
for raising and lowering Xircraft landing gear, the system including an actuator 
which is extendible and retractable to operate the landing gear, the actuator 
including a movable member in a casing,, the movable member being moved 
relative to the casing in a firstMirection to extend the actuator when fluid under 
pressure is supplied to a first\side of the movable member whilst fluid is 
exhausted from a second side W the movable member, and the movable 
member being moved in a second ^direction to retract the actuator when fluid 
under pressure is supplied to the second side of the movable member whilst 
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fluid is exhausted itom the first side of the movable member, and there being 
selector valve mean>fe selectively to supply pressurised fluid to the first or 
second side of the movable member, characterised in that means are provided 
to permit exhausted flu\d from at least one of the first and second sides of the 
movable member to augWnt tlie supplied fluid from the selector valve means 
and thus be directed wAh the supplied fluid, to the second or first side 
respectively of the movableVnember. 

By virtue of the system of the present invention, the demand on the 
hydraulic pump(s) is thus reduced during landmg gear operation as exhausted 
fluid is recirculated to augment the fluid supply, thus reducing the volume of • 
fluid required fi-om the hydraulic pump(s) to operate the landing gear. 

In one arrangement the means which peimit exliausted fluid to augment 
the supplied fluid includes a check valve which is opened as the movable 
member of the actuator moves relatively in the casing in the first direction to 
extend the actuator and lower the landing gear. 

The check valve may be adapted to open to pennit e.xhausted fluid from . 
the second side of the movable member to augment the supplied fluid in 
response to the pressure of the fluid supplied to the first side of the member or 
alternatively in response to a pressure build up in a line caiiy-ing exhausted 
fluid from the second side of the movable member. In each case preferably 
closure means are provided positively to close the check valve when 
pressurised fluid is supplied by the selector valve to the second side of the 
movable member. 

Such closure means may be of a hydraulic and/or mechanical nature. 

Preferably means are provided to reliexe exhausted fluid which is not 
recirculated from the at least one of the first and second sides of the movable 
member as the movable member reaches the end of travel in the casing. Thus 
there is no risk of trapped fluid interfering with the proper operation of the 
landing gear. 
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In one arrangement the hydraulic system includes a first fluid supply line 
to the first side of the movable member for supplied fluid from the selector 
valve means when the selector valve means is in a first position, and a second 
supply line to the second side of the movable member for supplied fluid from 
the selector valve means when the selector valve means is in a second position, 
and the means which pennit exhausted fluid from at least one of the first and 
second sides of the movable member to augment the supplied fluid from the 
selector valve means and thus be directed with the supplied fluid, to the second 
or first side respectively of the movable member, pennitting the exhausted fluid 
to flow from the second supply line to the first supply line. 

To ensure that exliausted fluid is available to augment the supplied fluid 
to extend tlie actuator, the second supply line may include non-return means at 
least to restrict the flow of exhausted fluid from the hydraulic system. 
However desirably a resti'ictor means is provided to enable a restricted flow of 
exhausted fluid to by-pass the non-retum means so that fluid which is not 
recirculated, is not tiapped in the second supply line which could interfere with 
the proper operation of the landing gear. 

The selector valve Veans may be movable to a first position to permit 
the flow of fluid therethrougK from a source of pressurised fluid to the first side 
of the movable member, andV) a second position to peimit the flow of fluid 
therethiough from the source to the second side of the movable member, and to 
a rest position in which the soui\e is isolated and fluid may pass from the 
system to tank. \ 

According to a second aspect of the invention we provide an aircraft 
having landing gear which is raised and lowered by a hydraulic system 
according to the first aspect of the invention. 

According to a third aspect of the invention we provide a valve including 
a valve member and a piston each received in a passage in a valve body, the 
valve member and piston being biased apart by resilient means such that the 
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valve member is urged towards a valve seat towards one end of the passage, 
and the piston is urged towards a stop towards an opposite end of the passage, a 
fluid inlet and a fluid outlet, the pressure of fluid at the inlet when sufficient, 
acting to move the valve member against the force of the biasing means off the 
valve seat to permit fluid flow from the inlet, past the valve seat, to the outlet, 
and the piston being movable in die passage away from the stop in response to 
a pilot pressure delivered to a pilot pressure port of the body against the force 
of the biasing means to a position in die passage in which the piston engages 
the valve member and restrains the valve member against movement off the 
valve seat in response to the inlet pressure. 

Means may be provided to pennit fluid pressure at the outlet to be 
communicated to an intemiediate region of the passage between the valve 
member and the piston at least when the piston is engaged with the stop. For 
example the outlet may open into tlie valve passage and there may be a flow 
path for the fluid at the outlet past and/or tluough the valve member to the 
intermediate region when the valve member is in engagement with the valve 

Such a valve in accordance with the third aspect of the invention may be 
a check valve to pennit the flow of exhausted fluid from at least one of the first 
and second sides of the movable member of the actuator of the hydraulic 
system according to the first aspect of the invention to augment the supplied 
fluid from the selector valve means and thus be directed with the supplied fluid, 
to the second or first side respectively of tlie movable member. 

The invention will now be described with reference to the accompanying 
drawings in which > 

FIGURE 1 is a front illustrative \ iew of an aircraft showing the landing 
gear thereof on one side in a lowered landing condition and the landing gear at 
the other side partly raised towards a stowed condition, the landing gear being 
operated by a hydraulic system in accordance with the invention. 
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FIGURE^is an illustrative view of a hydraulic system in accordance 
witli the invention; 

FIGURJE^3_is a more detailed but illustrative view of a check valve for 
use in th£ systenvof fioure 2. 

Referring first to figure 1 of the drawings, an aircraft 10 has landing gear 
1 1. 12 one at each side thereof, the landing gears 11,12 each including a strut 
assembly 13 which canies a landing wheel 14, which strut assembly 13 is 
movable between a generally vertical lowered condition for landing, and a 
raised stowed condition in which the strut assembly 13 is generally horizontal 
and located within a wing 15 where the landing gear 11, 12 is stowed. 

The landing geVs 11, 12 are operable by means of respective actuators 
18 which are extendibl^ and retractable by means of pressurised hydraulic 
fluid. \ 

Refening now to figure 2, a hydraulic system is shown. It can be seen 
that in this example each actuator 18 has a movable member or piston 19 in this 
example, which moves inside a casing or cylinder 20, as is well known in the 
art of hydraulic systems. 

When pressurised hydraulic fluid is supplied to a head end 22 of the 
actuator 18 at a first sid\of the piston 19, the piston 19 moves in the cylinder 
20 so as to extend the actuator 18, at the same time forcing fluid at a second 
opposite side of the piston iV to be exhausted from an actuator rod end 23 of 
the actuator 18. Conversely, vvHieii pressurised fluid is supplied to the actuator 
rod end 23 of the actuator 18. tlie piston 19 moves in the cylinder 20 so as to 
retract the acmator 18, at the sam^time forcing fluid to be exhausted from the 
head end 22. 

Hydraulic fluid is fed to the activator 18 via a selector valve means 25 to 
which a source of fluid under pressure i.e. a hydraulic pump 26 is connected. 
The pump 26 draws hydraulic fluid for pumping, from a tank 27. 




The selectorValve means 25 is movable between three positions in this 
example. When in a flrst raised position, i.e. when a spool 29 thereof is in the 
position indicated in th\ drawings at I, pressurised fluid is supplied to a first 
supply line 30 which extends to the head end 22 of the actuator 18. In the first 
supply line 30 there is a flow regulating means 31 which controls the pressure 
of fluid which is supplied to the head end 22 of the actuator 18. Also there is a 
by-pass one way valve 32 whic\ enables fluid from the first supply line 30 to 
flow freely to tank 27 as hereinaftV described. 

When the spjpol 29 of the selector valve means 25 is in an intermediate 
or rest position as slrown and indicated at R, the pressurised fluid source i.e. 
pump 26 is isolated frorh the actuator 18 and moreover fluid may flow from the 
first supply line 30 as we^l as from a second supply line 34 to be described, 
ack to tank 27., 

When the ^ool 29 of tl^fe selector vaK e means 25 is in a second lowered 
position as indicated\t II in figure 2, pressurised fluid is fed from the pump 26 
to a second supply line\34 which extends to the rod end 23 of the actuator 18. 
The second supply Iine\34 includes a one way valve 35 through which 
ressurised fluid may freely iJow to the rod end 23 of the actuator 18, and a by- 
ass resti'ictor 36 which alloVs fluid to bv -pass the one way vale 35 as 
hereinafter described. 

Between the fust 30 and second 34 supply lines, there is a check valve 
40. In figure 2 the operation of the check \ alve 40 is shown illusti-atively, and 
the operation of a practical such check vahe 40 will be described below with 
reference to figure 3. 

The operation of the hydraulic system described will now be outlined. 
Starting with the actuator 18 in a retracted position in which the landing 
gear 11 or 12 is stowed, when it is desired to lower the landing gear for 
landing, the selector valve means 25 is moved to the fust position 1. 
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Fluid thus flows along the first supply line 30, through the flow 
regulating means 31 to the head end 22 of the actuator 18 and the piston 19 is 
caused to commence movement to extend the actuator 18 to lower the landing 
gear 11 or 12. Fluid flow from tlie rod end 23 of the actuator 18 is however 
restricted to a small flow through the by-pass restrictor 36 from where the 
exhausted fluid passes to tanJ< 27 via the selector valve means 25. 

Because exliausted fluid flow is thus restricted, pressure will build up in 
both the first and second 30,34 lines. This pressure build up results in the check 
valve 40 being opened, as more particularly described below with reference to 
figure 3. thus to permit exliausted fluid fiom the rod end 23 of the actuator 18 
to flow into the first supply line 30 to augment the supply of fluid fro^ 'the 
selector valve means 25, resulting in less fluid being demanded from the pump 
26. 

Thus piston 19 movement in the cylinder 20 may continue fully to lower 
the landing gear 1 1 or 12. 

The presence of the by-pass restrictor 36 in the line 34 between the rod 
end 23 and the selector valve means 25 allows fluid flow from the line 34 
when the check vahe 40 is closed so that there is no risk of residual 
uncirculated fluid R^venting the piston 19 from moving through its full range. 

Typically, a nWlianical or other sensing anangement is provided which 
may interface with a.Amterlock which operates mechanically to retain the 
landing gear in its fully iWered condition and may cause the selector valve 
means 25 to assume the rest\osition R once the landing gear 1 1 or 12 is fully 
lowered. In the rest conditioV fluid may flow from the first and second 
supply lines 30, 34 to tanl< 27 sVhat the system is unpressurised when the 
landing gear 11 or 12 is in a full^^lowered condition and the pump 26 is 
indicated. 

Wlien the selector valve means 25^is moved to the rest position R, the 
check valve 40 will be closed by the action of a return spring 42 or the like. 
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When it is de\ired to raise the landing gear 1 1 or 12 the selector valve 
„eans 25 may be moVed to the second position U in which pvessudsed flu.d ts 
fed to the second suppV line 34 tltrougl, the one way valve 35 to the rod en423 
of the actuator 28, and\e piston 19 will be moved to begin retraction of the 
landing gear U or 12. xkere there is an interlock mechanically to retam the 
landino gear in a lowered \ndition. this needs to be released before the p.ston 
19 can move. Such releasUay be arranged to occur simultaneously w,th 
selector valve means 25 moveVient. 

Fluid which is e,d,auste\ from the head end 22 of the acmator 18 may 
flow freely pas. the one way valve 32 in the f.rs. line 30. to tank 27 via the 
selector valve means 25. The check valve 40 will remain closed when the 
selector valve means 25 is in the second condition and there is no exchange of 
fluid between the two lines 30 and 34. However, when fluid is supplied to the 
second supply Une 34. a portion of the fluid is bled to a pilot l,ne 39 wh.ch 
flows to the check valve 40 and operates to maintain the check valve 40 m the 
closed condition. 

AS the landing V '> °' ^'^ "P'"'' 
„,echanically to hold the\ding gear .n .ts ra.sed condn.on. A, the same nme, 
,he selector valve means 25\y be moved to the rest position R so tha, agam, 
the hydrauhc system .s unpres^sed when the landmg gear M or 12 .s tn >ts 

Stowed condition. \ , .rx - 

Refetring now to figure 3 a part.cubr example of a check valve 4a .s 

illustrated. a a ^ 

The check valve 40 has a valve body 50 in wh.ch there .s prov.ded a 
valve passase 51. The passage 51 contains a valve member 52 wh.ch rs 
nrovable in ^he passage 5, in.o and away Iron, engagement with a valve sea. 
54 .owards one end 50 of .he passage, and a valve pis.on 55. The valve p.s.on 
Ss'has a larger cross Seconal area .han ,he valve nrember 52. and accordmgly 
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the passage 51 is stepped. The valve piston 55 is in sealing engagement with 
the passage 51. 

Between the valve member 52 and the valve piston 55 there is provided 
a resilient biasing means which in this example is a coil spring 56 which urges 
the valve member 52 into engagement with its seat 54, and the valve piston 55 
into engagement with a stop 58 at one closed end 59 of the passage 51. 

At the opposite end 60 of the passage 51 to the closed end 59, there is a 
fluid inlet 61, airanged such that fluid pressure at the inlet 61 acts to lift the 
valve member 52 from the seat 54 when sufficient to overcome the force of the 
coil spring 56. A fluid outlet 59 intersects with the passage 51 and is 
positioned such that as the valve member 52 is lifted off its seat 54, fluid flow 
from the inlet 61 to the outlet 59 is pei-mitted. Moreover, the valve member 52 
has a circumferential recess 64 which is aligned with the outlet when the valve 
member 52 is on its seat 54, The recess 64 opens to an axially extending 
chaimel 65 along the valve member 52 so that fluid pressure at the outlet 59 is 
communicated to an intemaediate region 66 between the valve member 52 and 
the valve piston 55. The valve member 52 and the valve piston 55 are each cut 
away to provide a location for the coil spring 56 and to enhance the volume of 
liic intemiediate region 66. Thus when the \*al\'e member 52 is on its seat 54, 
ouilci fluid pressure assists the spring 56 in urging the val\e member 52 and 
piston 55 apait. 

In figure 3, the connections to the hydraulic system of figure 2 are 
intimated. In figure 2, there is shown a line 70 from the first supply line 30 to 
the check valve 40 to intimate that the check valve 40 responds to sufficient 
fluid pressure in the first supply line 30. In figure 3 thouglu tliere is intimated a 
line 71 from the second supply line 34 to tb.e check valve 40. In both cases 
because there is a pressure rise as the landing gear 11 or 12 is lowered because 
fluid camiot freely flow from the rod end 23 of the actuator IS, the check valve 
40 will be opened. 
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Refemng again ,o figure 3. when such pressure rise is experienced in the 
second supply line 34 and line 71. this wil, be com„,unica,ed ,o the face 74 of 
ftc valve member 52 and wil, lift ,he valve member 52 ofT.he sea. 54 "Hius 
during lowering of d,e landing gear U or 12. fluid may flow p.,s, ,he valve 
member 52 from fte second line 34 into the first supply line 30 to augment the 
supplied fluid. 

When fluid is supplied under pressure to the second supply line 34 ,o 
ra.se the landing gear U or 12. a pilot pressure is delivered ,o the check valve 
along line 39 and acts to urge the valve piston 55 away from its stop 58 and 
agatns. tl.e force of d,e coil spring 56 until the valve piston 53 engages the 
valve member 52 to urge the valve member 52 finnly onto the se'at 54 
notwithstanding higl, supply fluid pressures exened on the face 74 of the valve 
member 52. because the valve piston 55 are of on which d,e pilot pressure acts 
IS greater than that of the valve member 52. 

Various modifications may be made without depaning from the scope of 
the invention. 

Particularly, the check valve 40 described with reference to figure 3 is 
only an example of a check vnlve suitable for the pmpose of allow;g nuid 
expelled from the acuator IS ,o augment the flow of fluid to the actuator 

The various components of the hydraulic system h.nve been described as 
separate components although „ .,,1 be appreciated tha, n.ult.ple components 
may be provided e.g. in a connnon valve block Thus the one wav valves 3^ 35 
and/or the restrictor means 36 and/o, the flow control tneans 31 may be 
provtded in a common valve block together or not with the check valve 40 and 
possibly the selector ialve means 25 too. 

The features diWsed ,„ the foregoing description, or ,I,e following 
clatms. or the accompany^ drawings, expressed in their specific fo,™s or in 
.enns of a means for perfornV the disclosed function, or a method or process 
for attaining the disclosed lesulXas appropriate, may. separately, or in any 
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combination of such fe^ures, be utilised for realising the invention in diverse 
forms thereof. 



